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FLORIDA

Orange groves in 2015



Key Measurements for Liking

• Brix
• Acid
• Color
• Taste   Limonin



Limonin Testing

ESI                          APCIESI                          APCI



2024 Limonin Ring Test 
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Average: 3.87 ppm
Min: 2.21 ppm
Max: 5.51 ppm
Std Dev: 0.58

N = 35 Labs

Methodology

HPLC-UV: 16
LC-MS: 8
LC-MS/MS: 4
Not Reported: 7 

Well-characterized, “Mild” OJ used



Measuring Limonin in the Era of Greening





The Challenge: What is the “Consumer Relevant” Measurement?  



Prior Work (~2005- USDA)



Our Approach

HILIC-MS/MS MethodIsolation of LARL via C18 SPE,
Buffer at pH = 6.7



In-House Trials Showed LARL survived pasteurization
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Pasteurization Conditions:
200F, 30s (red)
194F, 12s (others)

100% Fresh, 200F 30s past, 30F storage
100% Fresh, 194F 12s past, 45F storage
50% Fresh, 194F 12s past, 45F storage
25% Fresh, 194F 12s past, 45F storage



Models Aligned with Real World



Forced Degradation

0

2

4

6

8

10

12

0 10 20 30 40 50 60 70

Co
nc

. O
f L

AR
L 

(p
pm

)

Time ( min)

75 C

100 % Fresh Juice

50 % Juice

25 % juice



0

0.2

0.4

0.6

0.8

1

1.2

0 10 20 30 40 50 60

Co
nc

. (
pp

m
)

Time (min)

Mass Balance- 75℃ Limonin vs LARL

total

larl

lim



• Fresh Juice needs thermal treatment to fully develop limonin
• Recommended protocol: 75°C for 1 hour. 
• Required when juice less than 14 days old irrespective of pasteurization status (LARL survives pasteurization!)
• Consumer-relevant number IS the fully developed number.
• When it doubt, heat. 



Watchouts!

Typical SPE-LC-UV method, 214nm (45% ACN)

Lim Std

40% ACN

“Mild” vs “Wild”



What can you do? 

• Heat if appropriate
• Spectral Purity (if PDA)
• Monitor at ~320nm (if VWD)
• LC-MS if higher volume? (consider sample 

prep cost)
• QC system



Limonin QC Program

New QC Rep #
1 3.56
2 3.46
3 3.45
4 3.42
5 3.42
6 3.44
7 3.49
8 3.59
9 3.49

10 3.56
11 3.50
12 3.51
13 3.58
14 3.52
15 3.54

AVERAGE 3.50
STDEV 0.056
%RSD 1.60
95% CI 0.028

Sample Qual Example

• Original QC created by consensus value (internal + external)
• Re-qualification of new QC from prior QC
• Well-characterized, typical juice used. 

• Should this be reconsidered? 
• Typical vs. “Wild” QC? Both?



Sequence Still Unknown



Benchtop Fruit Processing

5 LB Samples Hand Extraction Water Bath PasteurizationFruit Firmness

Fruit Attributes
Size, Firmness, Juice yield

Juice Attributes
Brix, Acid, Ratio, Limonin, 
Color, Flavor



Hand Extraction: 0.9 ppm Pilot Scale: 2.0 ppm

Benchtop Limonin vs. Commercial Limonin

Comparison with Valencia fruit in 2023.

Standardization is Critical! 



We tested 1000s of samples representing 100s 
of genetically unique mandarin hybrids. 
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Juice Quality Mandarin-types All Locations

Several mandarins were 
low limonin & high Brix!

Released Mandarin-types Unreleased Mandarin-typesSugar BelleSun Dragon

Optimal Range



Top 3 Mandarins
RBA 13-18 US Brixy C4-10-42

• Good tree health (87th percentile)
• Fruit size similar to Sweet Orange
• 12.1 Brix (95th percentile)
• 2.0 ppm Limonin (74th percentile)
• High potential for juicing

• Average tree health (48th percentile)
• Fruit size larger than Sweet Orange
• 11.5 Brix (93rd  percentile)
• 1.2 ppm Limonin (90th percentile)
• High potential for juicing

• Good tree health (98th percentile)
• Fruit size similar to Murcott
• 12.8 Brix (98th percentile)
• 4.0 ppm Limonin (42nd percentile)
• High potential easy-peel, low-seed 

table fruit
*Based on 2 seasons of data from 8-12 topwork trees of each variety. Block located in South Florida.



• 1 acre each of the top 3 mandarins planted August 2025
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